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MAGNETIC HEAD SUSPENSION ASSEMBLY 
FABRICATED WITH INTEGRAL LOAD BEAM 
AND FLEXURE 

Tins application is a oontrouitioa-m-ptrt of applica- 
tion Scr. Na 07/958,5)6, filed Oct 7, 1992, now abejv 


CROSS-REFERENCE TO OOPENDING 
APPLICATION 

Copending U.S. patent application Sex No. 
07/926,033 fUed Aug. 3, 1992 is directed Co a head sus- 
pension assembly particularly useful with nanosliders, 
which are about 50% of the size of the standard full sire 
air bearing sliders. The present application which a a 
cootinuatioo-in- part of copending application Scr. No. 
07/951416, now abandoned, discloses a modified and 
improved bead suspension assembly especially useful 
with femtosbders, which are about 25% of the size of 
the standard full size sliders. The subject matter of the 
aforementioned cop end i ng application is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

This invention relates to • magnetic head suspension 
assembly that accommodates air bearing femtosliders 
which are used in compact disk drives. 

DESCRIPTION OF THE PRIOR ART 

Presently known disk drives, such as used in laptop or 
notebook computers, include at least one rentable tnag- 
netic disk, at least one magnetic head assembly for 
transducing dats recorded on the disk, and s rotary 
head actuator for transporting the magnetic head to 
: selected data tracks on the routing disk. The magnetic 
head assembly comprises a head suspension fabricated 
with a rigid load beam element and a gimbaJing flexure. 
A typical head suspension includes a load beam element 
and a flexure which are fabricated as separate parts and 
are then joined during assembly of the head suspension. 
Special tooling to implement accurate alignment and 
assembly of the load beam and flexure is required. After 
joinder of the load beam element and flexure, an air 
bearing slider is mounted at the end of the flexure. The 
slider supports s thin film magnetic transducer which 
coacts with the magnetic disk for recording or reading 
data signals. 

During operation of the disk drive, the rotating mag- 
netic disk provides an aerodynamic lift force to the 
slider, while an opposing gram load force is applied to 
the slider through the flexure. The rcsuhant of the two 
Opposing forces determines the flying height of the 
abder and its transducer relative to the disk surface. In 
iu operating flying mode, the slider gimbals about a 
[£ad dimple] formed in the flexure. 


protrusion, commonly known as a load dimple. 


In known prior an bead suspension and flexure de- 
signs, the load force transfer and gimbaling action are 
separate to provide high first bending frequency with 
low pitch and low stiffness. The flexure participates 
slightly m the load transfer with the load beam while 
: primarily providing the low pitch and roO stiffness 
gimbaling action and providing high stiffness for lateral 
motion. These suspensions are characterised by weak 
pitch, roll and bending stiffness when the bead is flying 
over the disk surface. For optimum functioning, how. 
ever, the suspension structure should provide a high 
first bending mode resonant frequency so that the slider 
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^iow variations m the topogrmphy of the routing 
mat surface while providing low pitch cod roD stiffness. 

AMCher objective is the design of connect dak 
drives which arc used in laptop or notebook computet! 
is to miiiimize (hetiuud mis of the drive oaopo- 
■cnu. A reduction in Z-bcight (verbcaJ height) of the 
suspense* end thder assembly results m a corrunpond- 
■^f^V* » tnc ^height of the compact dkk drive 
aacorporatmg the assembly. A standard fmD sue staler is 
•hoot a 160 inch long. 0.IZ5 inch wide and 0.0345 inch 
high. Presently known disk drives employ nanosliden 
that measure approximately 0.090 inch km*. a063 inch 
wide and 0.017 inch high, which size is snoot 30% of 
the sue of • standard slider. The novel suspension and 
abder design disclosed herein is particularly useful for 
fan tail id en, which measure about O040 inch long, 
0.0204X026 inch wide and 0.01 10 inch in overall height, 
which site it about 25% of the sue of a standard full size 
ihder. It should be understood that the novel design 
may be used with other size sliders as well. 

SUMMARY OF THE INVENTION 
An object of this invention is to provide a hea d sus- 
pension and slider assembly having significantly re- 
duced Z-height. 

Another object of this invention is to provide a bead 
suspensioo assembly characterized by low pitch and roll 
stiffness. 

Another object is jo provide s head suspension assem- 
bly characterized by low bending stiffness with de- 
creased gram load tolerance effects. 

Another object is to provide a head suspension assem- 
bly characterized by a relsdvcly high first bending 
mode, first torsion mode, and first lateral mode resonant 
frequencies. 

A further object is to provide a bead suspension de- 
sign that affords significant savings and advantages in 
manufacture and mass production. 

According to this invention, a magnetic head suspen- 
sion assembly is formed from an integral planar piece 
comprising a load beam section and flezure section. The 
load beam is configured preferably as a truncated coni- 
cal section having flanges along its sides and an extend- 
ing tongue at its narrow end. The tide flanges are 
formed with U-shaped channels and provide rigidity 
and stifTness to the load beam section. The load beam 
tongue «tend%to the flexure section and is formed 
with a hemispherical load dimple which faces down to 
the non-air bearing surface of a head slider. A U-shaped 
cutout portion that is formed in the flezure section adja- 
cent to the load beam tongue delineates the shape of the 
tongue. In one embodiment of the invention, the flezure 
section includes two narrow etched legs that extend 
from the load beam and are disposed adjacent to the 
cutout portion. The narrow legs art connected by a 
lateral ear at the end of the flexureTj 

n nolflLit^toT PPd " f th ° t nnf t hf pm sesiiQn m n 

formed With a load Stmnorting prpff vff j ' p n nr d jmn fp t hat p^rn'ri^ 

longitudinal direction Z ™ 4 ^ ^to ^ b^Si? -!?, ? 
QPPQtUft the narrow SibiSfl^Sg ^ 

In this tmplemcnta- 
S^ternUs^^ botiom surface of 

trans vQ rffftSftff || rrL 

. v- . to***rn*t*tmhcdimmu the flexure 
•action includes outriggers confi gU red as a split toneue 
Co which the shder is bonded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention wffl be desctioed fa Renter detail with 
reference to the drawings in which: 

FIG. IA fa a top plan view of a head suspension and 
slider assembly, made m accordance with this tnveu- 
tk>n; 
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. FIG. IB b a from ekva&o&a) view of the head sus- 
pension of FIG. 1; 

FIG. 2 is a tide elevation view of the assembly of 
FIG. 1, showing a bead slider attached to the end of the 
flexure, in a loaded position and in phantom in an un- 
loaded position; 

FIG. 3 Is a bottom view of the head suspension of 
FIG. I; 

FIG. 4 is a side elevation view of the assembly of 
FIG. 3, showing the load dimple without an attached 
slider; 

FIG. SA is an enJirged view of a portion of the bead 
suspension of FIG. 3; 

FIG. SB is a from elevation view of the head suspen- 
sion of FIG. 5A; 

FIG. 6A is an enlarged view of a portion of a head 
suspension and flexure incorporating an alternative 
design; 

FIG. 6B is a front elevation view of the head suspen- 
sion portion of FIG. <A; 

FIG. 6C is a representational front view showing the 
overhang of the outriggers of FIG. 6A relative to a 
slider; 

FIG. 7 is a side elevation view of a portion of the 
head suspension shown in FIG. 6 A; 

FIG. • is a plan sectional representation of a paddle 
board or fret illustrating three of a multiplicity of head 
suspension bodies stamped from a piece of stainless 
steel; 

FIG. SA is a side elevation view of the paddle board 
of FIG. 8; 

FIG. 9 is a top plan view of a nanoslider suspension, 
snch as disclosed in the aforementioned copending ap- 
plication; 

FIG. 10 is a top plan view of a femtosJider suspension, 
with an extended pin to enable handling during pro- 
duction; 

FIG. II is a top plan view of the femtosJider suspen- 
sion of FIG. 10 with a skewed configuration relative to 
the extension; 

FIG. 12 shows the femtoslider suspension without 
the extension for the purpose of illustrating the relative 
sixes of the nanoslider suspension and the femtoslider 
suspension; 

FIG. 13 is a top plan view of a femtoslider suspension, 
partly broken away, including load/unload side tabs; 

FIG. I3A is a section A— A taken through FIG. 13; 

FIG. 14A is a top view of the flexure of the suspen- 
sion, partly broken away, showing a stepped flexure* 

FIG. 14B is a side view of the flexure of FIG. 14A 

FIG. 14C is a front view of the flexure of FIG. 14A 
Similar numerals refer to similar dementi in the draw- 
ing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
With reference to FIGS. 1A-5B, a magnetic head 
suspension assembly includes a load beam section 10, a 
flexure section 12, s leaf spring section 56 and a rear 
mount section 41 The suspension is formed from an 
snieg-ral flat piece of nonmagnetic material, preferably a 
300 Series type stainless steel having a thickness of 
•bout 0.0012 to 0.0015 inch. As a result of using an 
integral piece, the load beam section 10 and flexure 
lection 12, as well as the leaf spring section 56 and rear 
mount section 42, are disposed substantially in a single 
plane. No separate forming of individual load beam and 
flexure pans is required. Therefore, no assembly steps 


of joining tad wcJding are coded for crucW the 
flow to the load beam. * 

The load beam tecum It h preferably anade m a 
tnmcated oonicaJ or triangular shape. The load team 
•ccdon hat a abort tapered tongue 14 extending fnmjiu 
relatively narrow, end into the flora aectioo IX f& 
toague 14 it ddmeated by a U-thapcd coott M ta the 
flexure section] 

the relatively 

narrow end Of the load beam section into a shaped opening 16 of 
flexure section 12. The tongue 14 delin eates the U-shape of ftp 
opening 1g , 

... . . Tht load beam toogoe 14 provides low 
««tecooas is the directiofl orthogonal to the plane of 

tteload^beaa section aod flexure aectioo by virtoe of its 

wort length and low gran load force. 
A constrained Uyer damping element 19 made of 

eJatlomer 10A about 0.002 inch thick and an ovexhy 

10B of about 0.002 inch thick stainless Reel it laid dowi 

on the top surface of the major aectioo of the load beam 

to tmninurr undesirable resonances of the suspension, as 

•hown m WO. 1. Alternatively, a omilar dampmTeJc- 

meot « may be deposited on the bottom surface of the 


Tl»e flexure section 12 includes Kairow legs 32 that 


16. The flexure kgs 32J 

. u flexure bea ms 32 define^ 

bv Shaped opening 1fi T he flexure h^ m flp 

are chemically etched to • thick- 
©ess of about a0010 inch for increased flexibility. The 

flexure bea ms 32 are n^rr^w , 

[narrow legs 32 ar3thin and relatively weak to allow the 
desired gimbaling action about the load dimple IS and 
also to allow the suspension to have low roll and pitch 
stiffness. A lateral connecting pan orjear 3Q 

^"p™ 1 «*' lo»d_be»o, end (We » 

flexure beams flp, 

«1 Ikad dimple II it formed M the load beta ttoiiie 14 
«d ji » eoBUci with the top m»* be«i», Mf f« of 

transversa segtiOD 2& 

The load dimple 18 is formed so that the 
hemisphere Of the dimple faces down to the slider. The 
dnaple II may be offset, 0-0.006 inch for example, from 
the centerline of the slider m order to control flying 
height characteristics. 6 


U-shaped flanges 24 extend along the tides of the load 
beta section and are truncated before reaching the 
flexure section 12. "Hie flanges 24 contribute to the 
stiffness of the load beam section and localises the bead- 
ing action to the spring section 56*, thereby minimizing 
the pitch attitude changes due to am/disk vertical tol- 
erances. Head circuitry wiring 92 without the conven- 
tional tubing is located within the channels of the 
flanges 24. The absence of tubing allows the U-shaped 
channels of the flanges 24 to be relatively shaJlow 
thereby contributing to the reduction of the Z-height of 
the head suspension assembly. Adhesive material 90 is 
used to maintain the wiring 92 fixed m place. Adhesive 
fillets 91 arc provided adjacent to the tear VT\ 


transverse section 3Q 


and the 

abder 22. The fillets 91 are exposed and thus can be 
cured easily by application of ultraviolet radiation. 

In a disk drive using this head suspension and slider 
assembly, flexing occurs between the load beam tongue 
14 and the flexure legs 32. With this design, the load 
force nv transferred through the tongue 14 to the trun- 
cated conical section of the load beam. This Integral 
load beam/flexure configuration allows the separation 
of the applied load transfer force from the gimba) action 
so that the structure miy be made stiff at the load beam 
for proper bending and relatively weak about the load 
dimple to allow proper pitch and roll of the slider. 

A feature of the head suspension and s&der assembly 
disclosed herein is thst the slider 22 is configured with 
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a step 38, which is formed by cutting a recessed portion 
or platform 30 on the oon-air bearing top surface of the 
slider 22. The 2-hcighi of (he step 23 is substantially the 
same as the Z-hcight of the hemispherical load dimple 
18. Sufficient spacing is provided between the load 
beam tongue 14 and the top slider surface to allow free 
gimbaling action of the slider 22 with no interference 
from the load beam. The slider step 28 is sufficiently 
high so that the slider end at the trailing edge can ac- 
commodate a thin film magnetic transducer including 
its coil tums. 

The leaf spring 56 between the load beam section 10 
and the rear mount section 42 is formed with a trapezoi- 

daj-iikcCcutouj Q p Qn inq 

60 to provide flexibility. The flexible 
section 56 is formed to provide a desired toad force thxt 
counteracts the aerodynamic lift force generated by the 
routing disk during operation of the disk drive. The 
load force arises from bending the suspension from the 
phantom position, shown in FIG. 2, to the raised posi- 
tion as indicated by the arrow. 

The rear mount section 42 of the load beam 10 has a 
hole 4fi to allow connection of a swage plate 46 to the 
suspension by means of a boss 45 and by laser welding. 
The swage plate 46 provides stiffness to the rear mount 
section 42. Rear flanges 54 provide wire Touting chan- 
nels to protect the wires during handling. 

The head suspension and slider assembly described 
herein incorporates a stiff load beam and a relatively 
long and narrow flexure which includes thin weak flex- 
ure legs and connecting lateral part. With this design, 
low bending stiffness and high lateral and longitudinal 
stiffness with low roll and pitch siiffness are Tealized. 
The load beam tongue has a high vertical or perpendic- 
ular stiffness so that (here is minimal bending of the load 
beam tongue up or down relative to the plane of the 
suspension. The first bending mode resonant frequency 
or vibration is substantially higher than known prior art 
suspension designs of comparable size. 

In an actual implementation of this invention, the 
overall height of the slider is about 0.0110 inch, its 
length about 0.0400 inch, and its width about 0.020 inch. 
The height of the step 28 is about 0.001 5 inch above the 
recessed portion 30 which is 0.03J6 inch long. The 
surface area of the top of the step 23 is preferably mini- 
mixed in siae to reduce the effects of bending or warp- 
ing at the surface of the slider step which may occur due 
io the difference in the thermal coefficients of expansion 
of the ceramic slider 22 and the stainless stecl{eaT sQ 

transverse section 38. 

Such bending would affect the flying characteristics of 
the head adversely. 

In an alternative embodiment of the head suspension, 
illustrated in pan m FIGS. 6A-7j the flexure section 62 
is formed with a tongue 64 and afcutoui66j 

shaped opening 66, 

Adown-fac- 

\ ing load dimple 76 is provided on the tongue 64.(Nar- 
tow etched legs 6y 

Narrow, thinly etcheqi 

flexure beams 68 

that extend from the lo*fi beam 10 
are connected by a transverse pan 70. Thefjcgs 6j) 

flexure beams 68 

arc j- 
chemically etched to be thinner than the integral flat 
piece used to form the load beam and flexure sections. 
Outriggers 72 forming a split tongue arc provided at the 
sides of the flexure &and are separated from the thin 
0egs 68 by cutouts 74TJ 


flexure beams 68 bv spaces 74. 

Sen 72 overhang the 
ler is fastened to the 

adhesive fillets 61, 


. - The outfit gen 72 overhang the 
sides of the didcr 22 and the slider is fastened to the 
outriggers byfcn adhesive filJet 9£} 


In this implementa- 
tion, the top non-air bearing surface 20 of the slider 22 
is bonded to the outriggers 72 by adhesive filJets(whieh 
provide bond strength at the cutout I6j 


61 which provide bond Strang 


as shown in 

FIG. 6C The slider 22 is mounted to the outriggers 72 
so that the center of the slider is aligned with the !oid 
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*mple M. and the slider projects beyond the cad of the 
P»n 70. There it no oflket of the load dimple 
WPdeove to the ceaterliae of the slider. Withthi, 
unptanentaoon. e lower verticsl height f2*ei£ht) it 
rained. Alto the slider bonding sreni tfthTouoWn 
» are larger than the bonding area of the btcralcon- 
■•etmg P*n 38 of flexure U of FIG. t In tint imple- 
mentation, their ii little room to move die slider toward 
the leading edge itUtive to the load dimple, which may 

S^" <a fP r "? obuin °P timi1 attitude. Abo, 
additional forming it required m order to bend the two 
ootngger legs 72 down to the bend JO. which increases 
the tolerances during production. 

FIG. < shows a paddleboard or fret CO formed from. 
«-nJes. steel piece thai hat been sumped with a num- 
to of head sutpennon, 11 c*ch of which w» fonned 
•mhthe des,g shown m FIG. 1. Tooling holes U «d 
nppon legs Id are provided for further handlms FIG 
•A shows the paddleboard 80 with support legs I. ben. 
toenaW, working on the «tremel7£S tooslioe, 

FIG. 9 shows a oanoslider suspension such at dis- 
closed a copending application Ser. No. 07/926 033 
l^^V^ ,,0 * abttm H Wesure 96. load 
l^tfdeMOa'™ 8 W> ^ n0W *^ on 

"? S : 10 « d " the femtoslider suspention 

of this invention with the load beam 10. nexWeU 

m f' 001 "! h0 '! ,W » «uched to an 

extension 108 formed with an apennred swage 110 that 
nDowt attachment to a rotary accuator. In effe« fo 

SSi'ir " driv * ,uch " 1 J ^ «E £ 

esteition 108 serves as an ann pivot and precludes the 
need for a separate arm ttmcnire. as used in the prior 
•rt. The extenston 108 also allows o, e ^^Wy to 
match the overall length of other industry su^ard 
"70% microtlider suspensions, thereby ma4,g j, 
to use existing tooling. —^ng ii easy 

FIG. 11 shows the tuipention skewed with relation 
tothe extenrioo 108 to compete for *cw 
**" d k " **bt* »ov« between the outer diameter 
end the inner diameter of the disk during accessing The 
extenfon may include aperture* 111 for weigh, red uc ' 
Mn^« shown in FIGS. 10 and 11 The ^reTin 
wve to adjust for resonant conditions and/or (o adjust 
formtal actuator balance about the pivot 

FIG. 11 illuttrs.es the femtoslider suspension without 
^«««on tad show, the W,.^™Tt!z 
*^*~i^mi_tm»6U* su^ons." 
anmplementtoon of the femtosbder. the length was 
rtomOJMtneb and the greatest width wu aboVo.05o 

With reference to FIGS. 13 and UA. a head alid^r 
suspension includes Hat side tab. U0 wh^ W^?.« 
enable losing «rf unloading of ^ P £££" 
•stembly relative to the turfaa 0 f^^l?2^ 
disk drive. The side tabsmsTS n«S«^! >" f 
-de, ofthe load beam. rTaioe ^^^v 
means of a tool for lifting or low^f-T.k? moved . b >' 

the same plane as the load beaoXTnoT^T^^ 
formed with . step 78. as ahown m the slider design of 
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FIG. 7. The flat surface 126 extends across the entire 
top of the slider. However, the front end of the flexure 
128 is bent at sections 130 and 132, as shown in FIG. 
• 14B to allow the flexure to come down by a distance 
substantially equivalent to the height of the load dimple 
76. In thit way, the flexure 128 contacts the flat top 
surface 126 of the slider 122. The slider is bonded to the 
bent sections 130 and 132 by adhesive fillets 134 and 
136. The flat contact surfaces of flexure 128 and flat 
surface 126 at the top of the slider are also bonded to- 
gether by adhesive. By using a flat surface slider, the 
slider requires less machining, thus realizing a savings in 
lime and labor costs as well as a reduction in possible 
breakage and error during production. 

By virtue of this invention, a single integral piece is 
formed with a load beam and flexure, thereby realizing 
a significant savings in materia) and labor. Alignment of 
the load beam and flexure and welding of the separate 
parts arc eliminated. Certain critical tolerances that 
were required in former load beam/flexure assemblies 
a/e no longer needed thereby enhancing the assembly 
process. The design allows the separation of the load 
transfer function from the gimbaling action which elim- 
inates the weak bending characteristic found with prior 
an suspensions. It should be understood that the param- 
eters, dimensions and materials, among other things, 
may be modified within the scope of the invention. For 
example, the slider design with the step and platform 
configuration disclosed herein can be used with a "50" 
n»no*l»der suspension or other size suspensions. 


